Summary. The amount and distribution of prenatal loss has been studied during the first pregnancy in albino rats of the random-bred, specific-pathogen-free colony maintained at Alderley Park. Out of a total of 196 
which became pregnant, the mean number of eggs shed was 12\m=.\2\ m=+-\ 0\ m=. \ 19 and the mean number that implanted was 10\m=.\9\m=+-\0\m=.\19. In eighty rats in which pregnancy was allowed to continue to the 18th to 20th day, the mean number of viable foetuses found at autopsy was 10\m=.\1\m=+-\0\m=.\25.In various experimental groups, pre-implantation loss ranged from 9\m=.\8% to 13\m=.\9% of the eggs ovulated, the mean being 11\m=.\1%Post-implantation loss amounted to only 7\m=.\7% of the eggs ovulated, giving a total prenatal loss of 18\m=.\8%. It was found that the number of eggs ovulated was significantly related to body weight on the day of ovulation.
Out of 145 rats which became pregnant, seventy-nine (55%) showed some loss of eggs before implantation; 191 (10\m=.\8%) of the eggs were lost. Fifty-three per cent of this loss was found to be due to fertilization failure, and 43% was due to failure to develop into blastocysts. There was no correlation between the number of eggs ovulated and the number failing to develop into blastocysts, but there was a significant correlation between the number of eggs ovulated and the percentage lost before implantation. This effect, however, was confined to the individual uterine horn; the presence of large numbers of eggs in one horn did not influence the loss of eggs in the other.
In thirty-eight (55%) out of sixty-nine pregnancies some loss of embryos occurred after implantation and sixty-six (8\m=.\7%)embryos were lost. In no pregnancy in which implantation occurred were all the embryos lost. The number of eggs implanting in the uterus did not influence the percentage of embryos lost.
The mean diameter of implantation sites which survived to the end of pregnancy increased from 2\m=.\41\m=+-\0\m=.\022mm on Day 7 to 4\m=.\37\m=+-\0\m=.\043
INTRODUCTION
In the brown rat Rattus norvegicus, the mean litter size has been reported to be as low as [5] [6] [7] [8] (Feldman, 1926) and as high as 10-3 (Miller, 1911) . Perry (1945) has shown that the individual number of ovulations in the wild brown rat ranges from three to eighteen. The following figures for mean litter size in the laboratory rat have been recorded: [4] [5] (Slonaker & Card, 1918) , (Hain, 1932) , 5-97 to (Hanson & Sholes, 1924) , [6] [7] [8] [9] (Long & Evans, 1922) , (King & Stotsenburg, 1915) , (Tyler & Chapman, 1948) and [8] [9] (Bouricius, 1948) .
Prenatal mortality also varies widely. Perry (1945) found that in the wild rat between 5 and 14% of the eggs were lost between ovulation and Day 8 of pregnancy, and 12% of the embryos were lost between Day 8 and the end of pregnancy. Total prenatal loss amounted to 20-5% of the eggs ovulated. Evans & Bishop (1923) recorded that pre-implantation mortality amounted to 30-5% and post-implantation mortality to 6-3%. Frazer (1955) claimed that different factors influenced both total and partial loss of litters both before and after Day 9 of pregnancy. One of the factors influencing all these different types and stages of loss was found to be an abnormal number of implantations.
Since most estimates of prenatal mortality in laboratory rats have been based on strains of only moderate inherent fertility, it seemed desirable to carry out a complete examination of the amount and distribution of prenatal mortality in a strain of rats of high fertility.
MATERIALS AND METHODS
The 196 rats upon which the following observations were made were obtained from the random-bred colony of specific-pathogen-free albinos (of Wistar origin) maintained at Alderley Park. They were virgin females weighing be¬ tween 132 and 248 g, and were allowed free access to water and Oakes' f in. rat cubes. They were housed, six females to a cage, in cages suspended from movable racks. The ambient temperature of the animal room ranged from 20 to 25°C.
Vaginal smears were taken daily, and those rats with a pro-oestrous smear (composed of cornified and non-cornified epithelial cells) were mated with fertile males the same evening, two females being placed with three males. The following morning smears were again taken, and only those rats showing a fully cornified smear with spermatozoa present were included in this study. This These data might be taken to indicate that the number of corpora lutea increased during pregnancy, and that therefore corpora lutea counts at the end of pregnancy tend to overestimate the number of eggs ovulated. However, the rats killed on Day 5, in which the low mean number of corpora lutea was counted, were not weighed, and it is possible that their mean weight was less than that of the other groups. Since the effect of body weight on the numbers of eggs shed will be shown below to be highly significant, this would seem to be a more likely explanation for the low mean number of corpora lutea counted in these rats. If an increase in the number of corpora lutea during pregnancy due to luteinization of unruptured follicles does occur, it would seem unlikely that the whole of this increase occurs between Days 5 and 8, and that there is no further increase after this time. Table 4 . Loss amounted to 13-9% of the eggs recovered, of which 53% was due to eggs which failed to become fertilized, and 47% due to fertilized eggs which failed to develop into blastocysts.
When the pre-implantation loss for this group of animals is expressed as a percentage of the eggs shed, it only amounts to 10-8 comparing well with the estimates given for Groups 2 and 3 in Table 5 . However, there is no reason to suppose that there was a differential loss of non-viable eggs during recovery from the uterus ; therefore it may be more exact to express the number of eggs lost as a percentage of the eggs recovered.
A total of 918 corpora lutea was counted on the ovaries of the seventy-six rats killed on Day 8 of pregnancy, but there were only 830 implantation sites in the uteri. In two animals the implantation sites exceeded by one the number of corpora lutea, probably due to the occurrence of polyovuly. Of the 918 eggs ovulated, only ninety (9-8%) failed to implant.
A total of 856 corpora lutea was counted on the ovaries of the sixty-nine rats that were laparotomized between Days 7 and 16 of pregnancy, but only 755 implantation sites were observed. Of these corpora lutea 101 (11-8%) were not represented by implantation sites. To ensure as accurate an assessment of the amount of pre-implantation loss as possible the figures for these two groups of animals have been combined (Table 5 ). The overall figure for the percentage loss of eggs before implantation was 10-8. The amount of individual pre-implantation loss for these 145 pregnan¬ cies ranged from 0 to 83%. In sixty-six (46%,) of the 145 litters no pre-implanta¬ tion loss occurred, and in fifty-eight (40%) pregnancies the loss was less than 20%. In a further seventeen (12%) animals the percentage loss ranged from 20 to 50. In only four (3%) pregnancies in which some eggs implanted, did the loss of eggs before implantation exceed 50%.
Although some eggs were lost before implantation in 55% out of the 145 pregnancies studied, only 10-8% of the 1774 eggs ovulated failed to implant. ovary also affected the number of eggs lost in the opposite uterine horn, the data for all the 145 pregnancies studied in Table 6 were re-arranged, so that a comparison could be made of the amount of loss in all the uterine horns into which a constant number of eggs passed, in relation to the number of eggs in the opposite horn. Regression analyses were performed on the percentages of eggs lost on that side with the constant number The mean amounts of prenatal mortality in the sixty-nine (Group 3) rats that were subjected to laparotomy between Days 7 and 16 of pregnancy are set out according to day of laparotomy in Table 8 . It can be seen that the mean per¬ centage pre-implantation loss is 11·8±1·97, and that the group means range from 2-9 to 22-5%. These 11-8 14-0 11-0 13-8 12-6 13-6 11-5 12-7 11-0 11-4 11-0 10-0 11-0 13-3 10-3 12-4 12-0 10-6 11-2 9-9 9-0 10-9 6-8 22-1 7-0 4-1 6-5 9-0 4-8 22-1 2-9 22-5 18-2 9-4 11-8 9-4 10-4 9-3 10-3 12-5 9-4 10-8 11-4 9-6 10-2 8-4 8-7
15-7 5-1 5-2 5-7 5-9 7-8 12-7 4-7 7-3 8-7 11-2 3-0 30-9 9-0 26-6 11-9 27-3 12-7 10-0 14-3 21-7 9-5 29-4 11-6 33-7 21-2 Mean 12-5 10-9* 11-8* 10-1 7-7* 19-5 * For sixty-nine pregnancies. 2-1 to 2-4 2-7 to 2-9 2-8 to 3-5 2-9 to 3-6 3-9 to 5-2 4-2 to 5-5 4-4 to 7-1 3-3 to 5-2 3-6 to 9-4 2-0 to 5-2 From the data presented in Table 12 , it can be seen that of the total number of fifty-three sites which failed to survive, no trace could be found of 7-5%, moles were all that remained of 67-9%,, atrophie placentae were observed in 18-9%, and 5-7% accommodated dead foetuses.
Loss of embryos after implantation in individual pregnancies ranged from 0 to 33%, of the original number of ovulations. No embryonic losses were observed in thirty-one (45%) of the sixty-nine pregnancies studied, but in thirty-three (48%) pregnancies loss ranged from 0-1 to 20%. In only five (7%) rats did embryonic loss exceed 20%, and in no case did it exceed 33%. The data concerning the amount of pre-and post-implantation loss in rats of all groups are summarized in Table 14 . Pre-implantation loss in the three different groups of rats varied from 9-8 to 13-9%, but the overall mean percent¬ age loss before implantation only amounted to 11T%. When this figure is com¬ bined with the figure of 7-7% for post-implantation loss, a figure of 18-8% for overall prenatal loss is obtained. This figure is closely similar to the figure of 19-5% recorded for the eighty (Group 3) pregnancies shown in Tables 8 and 13 .
It would appear that 5-9% of the eggs ovulated failed to become fertilized and a further 5-2% were fertilized but developed only as far as the morula stage. The distribution of post-implantation losses as percentages of the number of implantations have already been presented in Table 10 . However when these losses are recalculated as percentages of the original number of ovulations, it is found that 5-6% of the embryos were lost in early pregnancy, 1·5% in middle pregnancy, and only 0-6% in late pregnancy. Total losses after implantation amounted to 7-7% of the number of eggs ovulated. The mean ovarian weight at autopsy was calculated in relation to the number of corpora lutea and these results are set out in 
DISCUSSION
Fertility is high in this strain of rats. The mean number of foetuses carried to term is 10-1, a figure considerably higher than those previously recorded in laboratory rats (King & Stotsenburg, 1915; Slonaker & Card, 1918; Long & Evans, 1922; Hanson & Sholes, 1924; Hain, 1932; Tyler & Chapman, 1948) . Previous studies in the mouse (MacDowell, Allen & MacDowell, 1929) , the wild rat (Perry, 1945) , the bank-vole (Brambell & Rowlands, 1936) and the wild rabbit (Brambell, 1944; Watson, 1957) have shown that there is a signifi¬ cant relationship between body weight and the number of eggs ovulated. This relationship has been confirmed in the present study for the albino rat. In the mouse (Bowman & Roberts, 1958) and rabbit (Adams, 1960a ) the number of eggs that fail to implant is significantly related to the number of eggs ovulated. This also has been confirmed in the present study. Bowman & Roberts carried their analysis a stage further, and found that "as the number of eggs shed into the uterine horn increases the probability of each individual egg implanting decreases". They showed that the fertilization rate was not influenced by the number of eggs in the Fallopian tube, and therefore considered that the factors causing the variation in the number of eggs implanting must be operating only on the fertilized eggs. However, McLaren & Michie (1956) Adams (1960b, c) has observed that the majority of pre-implantation loss in the rabbit is associated with development from morula to blastocyst. In the present study, while it has not been possible, owing to the small number of observations, to establish a significant correlation between the number of eggs ovulated and the number of eggs failing to develop into blastocysts, it has been observed that 47% of pre-implantation loss is associated with failure of develop¬ ment at or before this stage. The remaining pre-implantation mortality appeared to be associated with failure of fertilization.
Owing to the fact that in only a small number of pregnancies was it possible to assess which eggs had failed to become fertilized, further analyses of the factors influencing pre-implantation loss were of necessity carried out on the total number of eggs lost before implantation. It was, however, shown that loss of eggs before implantation was proportionately increased when a large number of eggs was shed from a single ovary. Since the number of eggs shed by one ovary failed to influence the number of eggs lost in the opposite uterine horn it was assumed that pre-implantation loss was not caused by any systemic effect but was local to each uterine horn, and was dependent on the number of eggs entering that horn. Adams (1962) has postulated that the normal supply of uterine nutrients is insufficient to meet requirements of abnormal numbers of morulae developing into blastocysts in one uterine horn. Whether the transition from morula to blastocyst is quite so critical in the mouse as in the rabbit (Adams, 1958) (Austin, 1961) . McLaren & Michie (1959) and Fowler & Edwards (1960) found that proges¬ terone injections did not reduce prenatal loss in superovulated mice. Adams (1962) observed in rabbits that where the number of embryos was much greater than the number of corpora lutea embryonic survival was not affected by the smaller production of endogenous progesterone. Conversely Moore, Rowson & Short (1960) (Sugawara & Umezu, 1961) and rabbit (Fridhandler, Hafez & Pincus, 1957; Fridhandler, 1961) . Suguwara & Umezu (1961) found that the same value for oxygen consumption by rat eggs cultured in whole serum can only be obtained in artificial media composed of calcium chloride-free KrebsRinger-phosphate buffer plus either 0-1% glucose or serum (1 : 1). LutwakMann (1960) In the present study, 7-1% of the rats mated failed to become pregnant. Adams (1960c) recorded that in 5% of pregnancies in rabbits all the eggs were lost before implantation. In contrast, Frazer (1955) found that in his strain of rats 55% failed to become pregnant after mating. Edwards & Fowler (1959) observed that 6% and 12% of control mice of two strains suffered total loss before implantation. Bowman & Roberts (1958) , who killed forty-one mice on Day 1 of pregnancy and recovered the eggs from the Fallopian tubes, found that 12-6% of the eggs were not fertilized. However, it is likely that they included in this calculation mice with all their eggs unfertilized. In another sixty-six mice total pre-implantation loss only amounted to 15-5%, so it would seem that under their conditions the major part of this loss was associated with failure of fertilization. Tyler & Chapman (1948) recorded that pre-implantation loss amounted to 11-8% in forty control rats in their first pregnancy. This was lower than the figures for groups of similar rats in their second, third, fourth or fifth and subsequent pregnancies. For 118 rats of all pregnancy groups combined a mean of 14-1% of eggs were lost before implantation. In the 145 pregnancies studied in the present experiments, only 10-8% of the eggs were lost before implanta¬ tion. This figure agrees well with that of Tyler & Chapman (1948) for the albino rat, and that of Perry (1945) for the wild rat, but not with that of Evans & Bishop (1923) for the albino rat. In the present experiments post-implanta¬ tion loss was found to amount to 7-7%. Tyler & Chapman (1948) observed that the loss of embryos after implantation in forty rats during their first pregnancy amounted to 5-4%, and for 118 rats of all parities combined was 7-3%. Perry (1945) found that 12% of the embryos in the wild rat were lost between Day 8 of pregnancy and term. Evans & Bishop (1923) showed that in their strain of rats post-implantation loss amounted to 6-3%. In Adams (1960a Adams ( , 1962 in the rabbit and by Edwards & Fowler (1959) (Bowman & Roberts, 1958; Edwards & Fowler, 1959; McLaren & Michie, 1959) , or in the rat (present study). Adams (1962) , however, showed that in the rabbit by artificially increasing the numbers implanting in a uterine horn by egg transfer the percentage of embryos dying during the early period increased propor¬ tionately with uterine overcrowding. Edwards & Fowler (1959) and McLaren & Michie (1959) in the mouse, and Adams (1962) in the rabbit all observed that embryonic deaths during middle and late pregnancy are related to the number of embryos surviving into the middle period in a single uterine horn. In other words, uterine overcrowding plays a large part in determining the amount of loss during the middle and late periods of pregnancy. In the present study insufficient embryos and foetuses died during middle and late pregnancy for any such correlation to be significant. suggested that the mechanism whereby crowding determines how many embryos will survive to term can be explained by the haemodynamic theory propounded by Eckstein, McKeown & Record (1955) .M. J. K. Harper between pregnant females". Adams's (1962) observations on prenatal mortality in the rabbit confirm the applicability of this theory to post-implantation loss in this species.
In the strain of rats under discussion in this paper, it appears that the numbers of embryos that develop in any one uterine horn are not large enough to reduce the blood flow to each placenta in the horn sufficiently to cause substantial middle and late deaths. In one rat twelve eggs implanted in one uterine horn and ten embryos were carried to the end of pregnancy, while in another ten eggs implanted and none were lost (see Table 10 ). These were the largest numbers of foetuses carried to the end of pregnancy in one uterine horn. Range 2-0 to 2-8 2-4 to 3-4 2-9 to 3-5 3-3 to 4-8 3-7 to 5-0 4-3 to 5-9 6-2 to 7-8 7-2 to 8-7 8-2 to 10-4 9-6 to 10-9
It was noticeable that no deaths occurred during middle pregnancy until at least five or more eggs had implanted in one uterine horn (see Table 10 ), and the loss of embryos during the middle and late periods was small even when up to nine embryos were developing in one horn. McLaren & Michie (1959) recorded that in the mouse where more than eight foetuses were present in a horn mortality was increased, and Adams (1962) found increased late deaths in the rabbit with more than seven young in a horn.
The distribution of embryonic loss in the rat, related to early, middle and late pregnancy on the basis of autopsy findings, was found to be closely correlated with an assessment of the viability of a site by considering its diameter in relation to stage of pregnancy (see Text-fig. 4 ). Previous measurements of the diameters of the implantation sites in the rat uterus have been made by Tyler & Chapman (1948) and Williams (1948) . Their results are compared with those obtained in the present study in Table 17 . It can be seen that the results are in close agree¬ ment. In those cases where some discrepancy occurs, it is noteworthy that the results recorded by the earlier authors, using fewer animals, nearly always fall within the limits of the range of diameters observed in this study for the same day of pregnancy.
It would appear that after Day 13 of pregnancy measurement of the diameter of the implantation site can in general give a good indication of the viability of the associated foetus. Under special circumstances measurements made at earlier times may also be used to assess the viability of the embryos. When the mean diameters of the implantation sites that regress during early pregnancy (moles) or during middle pregnancy (atrophie placentae) are calculated, it is found that they start to diverge significantly from the mean diameter of the normal sites one day after the last probable date of their failure to survive. During the next 24 hr these sites grow more slowly until they reach their greatest mean diameter, and then start to regress. Huggett & Pritchard (1945) observed that by the 12th day rat embryos that had died spontaneously were already resorbing. They suggested that the significance of the 11th to 12th days lay in the changeover in type of placentation from yolk-sac to allantoic placenta. They also noted that by whatever method foetal death was produced, the placenta tended to survive and grow more or less normally, particularly if the allantoic mesoderm was present.
This may account for the continued slow growth of those sites observed in the present study which were subsequently found to have regressed. Adams (1960d) found that, if rabbit embryos are killed before Day 15 of pregnancy, only atrophie placentae are found at autopsy; résorption of the dead embryos is very rapid, and is completed within 2 days. He also (1960a) measured the diameters of implantation sites in rabbits and observed good correlation with their ultimate fate.
Total prenatal loss in this strain of rats only amounted to 18-8%, a figure which compares well with that of 20-5% recorded by Perry (1945) for the wild rat and that of 17-2% found by Tyler & Chapman (1948) in the albino rat. Frazer (1955) observed that in his strain of rats post-implantation loss alone amounted to 44-3%. Since prenatal loss in this high fertility strain is no lower than that observed by other workers for strains of rats with much lower mean litter sizes, its greater fertility must depend upon a larger number of eggs being shed at each ovulation. The mean number of eggs shed by 145 virgin rats was found to be 12·2±0·19, a figure which is high for a placental mammal. In the mouse, McLaren (1962) suggested that the principal effect of selection for an increase in the number of eggs shed at each oestrus has been to increase the sensitivity of the ovary to follicle-stimulating hormone.
In 55% of litters some eggs were lost before implantation, and 55% of litters showed some loss of embryos after implantation, but only 76% of all litters experienced some loss throughout pregnancy. Tyler & Chapman (1948) observed that 52-5% of rats suffered loss of embryos after implantation. In the wild rat Perry (1945) noted that prenatal loss only occurred in 56-7% of all litters, but he suspected that in some litters all the embryos were lost after implantation. Adams (1960a) found that 53-3% of domestic rabbits suffered some pre-implantation loss, and 70-8% some post-implantation loss. In 3-3% of pregnancies total loss occurred after implantation. In the wild rabbit not less than 35% of litters suffered complete loss after implantation (Brambell & Mills, 
